β-cell dysfunction and decreased insulin sensitivity are believed to be two chief mechanisms that participate in deterioration of glycemic control in Type 2 diabetes. Meformin is widely accepted as the first-line oral agent in the treatment of Type 2 diabetes. However, the relative contributions of improved β-cell function and increased insulin sensitivity to reduction in hemoglobin A1c (HbA1c) are unclear in newly diagnosed Type 2 diabetic patients treated with metformin. We investigated β-cell function and insulin sensitivity in relation to reduction in HbA1c in 20 newly diagnosed Type 2 diabetic patients (17 men and 3 women, mean age 49.1 ± 10.1 years, mean body mass index 26.4 ± 5.2 kg/m 2 ) treated with metformin for 16 weeks. We used homeostasis model assessment (HOMA) 2%B and HOMA2%S as estimates of β-cell function and insulin sensitivity, respectively. Median HOMA2%B and HOMA2%S significantly increased from 38.8 to 68.8 (p < 0.001) and from 50.2 to 67.1 (p = 0.004), respectively. In univariate regression analysis, reduction in HbA1c was highly correlated with change in HOMA2%B (r = −0.866, p < 0.001), but not with that in HOMA2%S (r = −0.264, p = 0.260). Furthermore, multivariate regression analysis with reduction in HbA1c as a dependent variable showed that increase in HOMA2%B but not that in HOMA2%S was a significant dependent variable (β = −0.847, p < 0.001). In conclusion, our findings demonstrate that improved β-cell function rather than increased insulin sensitivity is associated with reduction in HbA1c. These results suggest that metformin reduces HbA1c chiefly through improved β-cell function rather than increased insulin sensitivity in patients with newly diagnosed Type 2 diabetes.
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INTRODUCTION
Early and aggressive glycemic control to achieve nearnormal glycemia is essential to prevent late vascular complications in patients with Type 2 diabetes. The United Kingdom Prospective Diabetes Study (UKPDS) 34 showed that metformin reduces the risk of diabetesrelated endpoints, myocardial infarction, diabetes-related death and all-cause mortality in patients with newly diagnosed Type 2 diabetes [1] . Moreover, UKPDS7 showed that only 482 patients among 3044 patients (15.8%) achieved near-normal fasting plasma glucose (FPG) less than 6.0 mmol/l after the initial 3 months' diet in the run-in phase, suggesting that most patients with newly diagnosed Type 2 diabetes fail to achieve near-normal FPG by diet alone in a routine clinical setting [2] . Therefore, the treatment guidelines for an initial management of hyperglycemia in patients with Type 2 state that met-formin and lifestyle interventions should be started at the time of diagnosis [3, 4] . Indeed, we previously demonstrated that metformin and lifestyle interventions are effective and safe as an initial management of hyperglycemia in Japanese patients with newly diagnosed Type 2 diabetes [5] .
A progressive decline in β-cell function is the major determinant of loss of glycemic control over time in Type 2 diabetic patients [6, 7] . Hyperglycemia in patients with Type 2 diabetes, however, is caused by impaired peripheral insulin sensitivity, which results in decreased insulin-mediated glucose disposal; increased endogenous glucose production, chiefly from the liver; and inadequate pancreatic insulin secretion [8] . However, the relative contribution of β-cell function and insulin sensitivity to glucose-lowering effects of metformin in patients with newly diagnosed Type 2 diabetes is unclear.
In the present study, we aimed to examine the relative contribution of β-cell function and insulin sensitivity to reduction in hemoglobin A1c (HbA1c) in newly diagnosed Type 2 diabetic patients treated with metformin.
MATERIALS AND METHODS

Study Design and Patients
The present study is a retrospective analysis of EMI-NENT (Effectiveness of metformin and lifestyle interventions as an initial treatment in Japanese patients with newly diagnosed Type 2 diabetes) Study, which was a prospective observational study within a routine clinical setting to examine the effectiveness of metformin and lifestyle interventions as an initial treatment in Japanese patients with newly diagnosed Type 2 diabetes. The details of EMINENT study were reported elsewhere [5] . Briefly, eligible patients were newly diagnosed patients with Type 2 diabetes aged 20 -75 years with HbA1c levels ≥6.5%, and who had never taken an oral hypoglycemic agent. The diagnosis of Type 2 diabetes was made on the WHO 1999 criteria [9] . Metformin and lifestyle interventions were started at the time of diagnosis and the dose of metformin was titrated to 1500 mg/day or maximum-tolerated dose. Lifestyle interventions were composed of an individualized dietary counseling and an encouragement to increase daily physical activities. The primary outcomes were reduction in HbA1c and the proportion of patients who achieved HbA1c <7.0% after 16 weeks. The study was conducted in accordance with the Declaration of Helsinki and with the approval of the local ethics committee. Each patient provided written informed consent for study participation and the use of their data for research purposes. In the present study, we analyzed the data from 20 patients who had measurements of fasting serum C-peptide at the baseline and after 16 weeks.
Laboratory Analysis
Plasma glucose was determined using the hexokinase, glucose-6-phosphate dehydrogenase method. HbA1c was measured with HLC-723G8 (Tosoh Co., Tokyo, Japan) by high performance liquid chromatography (HPLC) approved by the National Glycohemoglobin Standardization Program [10] . Serum C-peptide was measured by chemiluminescent enzyme immunoassays (FUJIREBIO Inc., Tokyo, Japan), with an interassay coefficient of variation of 4.1% and an intraassay coefficient of variation of 3.4%. Total cholesterol, triglyceride, and highdensity lipoprotein cholesterol (HDL-C) were measured using standard laboratory methods. Low-density lipoprotein cholesterol (LDL-C) was calculated by Friedewald equation [11] . We used homeostasis model assessment (HOMA) 2%B and HOMA2%S as estimates of β-cell function and insulin sensitivity, respectively. HOMA2%B and HOMA2%S were calculated from fasting plasma glucose and fasting serum C-peptide using the HOMA2 model calculator (http://www.dtu.ox.ac.uk/homa) [12] . The disposition index based on HOMA2 method, which reflects the overall homeostatic ability of an individual, was also calculated by multiplying HOMA2%S by HOMA2%B (normal value: 1.0) [13] . The difference of each clinical variable between the baseline and after 16 weeks was calculated by subtracting the value at the baseline from that at 16 weeks.
Statistical Analysis
All statistical analyses were performed using SPSS for Windows, Version 11.0 (SPSS, Chicago, IL, USA). Continuous variables are expressed as mean ± standard deviation (SD) or median (interquartile range). Differences of the clinical variables between the baseline and 16 weeks were tested with the Wilcoxon signed-rank test. Correlations between the changes in each variable were calculated with univariate linear regression analysis. Multivariate linear regression analysis was used to evaluate the relative contribution of β-cell function and insulin sensitivity to reduction in HbA1c. All p values were two-sided. A p value < 0.05 was considered to be statistically significant.
RESULTS
Baseline characteristics of the study patients are shown in Table 1 . Most patients were men (85.0%). The mean age and body mass index (BMI) were 49.1 years and 26.4 kg/m 2 , respectively. Effects of metformin on clinical variables related to glycemic control were shown in Table 2 . After 16 weeks, HbA1c decreased from 9.53% ± 2.19% to 6.58% ± 0.91% (p < 0.001). FPG also decreased from 10.84 ± 4.02 mmol/l to 6.67 ± 0.82 mmol/l (p < 0.001). Although fasting serum C-peptide did not significantly change, we found significant increase in both HOMA2%B (38.8% to 68.8%, p < 0.001) and HOMA2%S (50.2% to 67.1%, p < 0.004). ing effect of metformin, we examined the correlations between the change in HbA1c and the baseline values of clinical variables ( Table 3) . Neither baseline body weight (r = 0.260, p = 0.267) nor BMI (r = 0.234, p = 0.321) was correlated with the change in HbA1c. We found strong correlation between baseline HbA1c and the change in HbA1c (r = −912, p < 0.001). Although baseline HOMA2%B was significantly correlated with the change in HbA1c (r = 0.562, p = 0.010), baseline HOMA2%S was not significantly correlated with the change in HbA1c (r = 0.396, p < 0.084).
To know the variables associated with the change in HbA1c, we examined the correlations between the change in HbA1c and the change in other clinical variables ( Table 4 ). The change in BMI was not correlated with the change in HbA1c (r = −0.286, p = 0.221). We found strong correlation between the change in HOMA2%B and the change in HbA1c (r = −0.866, p < 0.001, Figure 2(a) ). However, the change in HOMA2%S was not significantly correlated with the change in HbA1c (r = −0.264, p = 0.260, Figure 2(b) ). Multivariate linear regression analysis with the change in HbA1c as a dependent variable showed that the change in HOMA2%B, but not HOMA2%S was a significant independent variable in the model ( Table 5 ). In addition, adjusted coefficient of determination (R 2 ) indicated that the change in HOMA2%B and HOMA2%S explained 73.0% of the variance of the change in HbA1c.
DISCUSSION
We found that metformin improved β-cell function and insulin sensitivity in newly diagnosed patients with Type 2 diabetes. We also found that improved β-cell function rather than increased insulin sensitivity was associated with reduction in HbA1c.
Several studies have previously demonstrated that metfromin improves β-cell function and insulin sensitivity in patients with newly diagnosed Type 2 diabetes. Nagi et al. showed that metforim treatment for 12 weeks significantly improved metabolic clearance rate, which is a measure of peripheral insulin sensitivity, and β-cell function estimated from HOMA method [14] . In the UKPDS16 [7] , metformin treatment for a year improved β-cell function and insulin sensitivity in patients with newly diagnosed Type 2 diabetes. Moreover, metformin improved β-cell function and insulin sensitivity in recently diagnosed Type 2 diabetes during the first six months of the ADOPT (A Diabetes Outcome Progression Trial) Study [15] . Because the relationship between insulin sensitivity and β-cell function is non-linear and best described by a hyperbolic function, the product of insulin sensitivity and β-cell function (the disposition index) provide a true measure of β-cell function, rather insulin sensitivity or β-cell function in isolation [16] . Interestingly, the plots in Figure 1 showed that the dots depicting HOMA2%S versus HOMA2%B shifted upward and rightward, suggesting that metformin improved the disposition index. This is further corroborated by the finding that the disposition index calculated from HOMA2%B and HOMA2%S increased from 0.20 at baseline to 0.48 after 16 weeks (p < 0.001)). Consistent with this, metformin improved the disposition index in recently diagnosed Type 2 diabetes in the ADOPT Study [17] . However, none of the studies mentioned above examined the relative contribution of improved β-cell function and increased insulin sensitivity to reduction in HbA1c in newly diagnosed Type 2 diabetic patients treated with metformin. Although we found strong correlation between the change in β-cell function and the change in HbA1c, we did not find a significant correlation between the change in insulin sensitivity and the reduction in HbA1c (Table 4, Figure 2) , suggesting that improved β-cell function rather than insulin sensitivity contributes more to reduction in HbA1c. This is further corroborated by the results of the multivariate regression analysis indicating that change in HOMA2%B but not that in HOMA2%S was a significant independent variable in the model (Table 5) . Therefore, improved β-cell function rather than increased insulin sensitivity is associated with reduction in HbA1c in patients with newly diagnosed type diabetes treated with metformin.
Because metformin does not directly stimulate insulin secretion, it is difficult to know the exact mechanisms whereby reduction in HbA1c with metformin treatment is associated with improved β-cell function rather than insulin sensitivity. However, several studies suggest that β-cell function rather than insulin sensitivity is a major determinant of HbA1c in patients with Type 2 diabetes. First, in the first six years of the UKPDS, the deterioration of HbA1c was associated with progressive loss of β-cell function but not with insulin sensitivity [7] . Next, in the 4-year follow-up of the ADOPT Study, although insulin sensitivity progressively improved in patients treated with metformin, the increase in HbA1c was associated with a progressive decline in β-cell function [15] . Finally, Monnier et al. showed that, although the role of insulin sensitivity is not negligible, β-cell function is the major determinant of HbA1c in Type 2 diabetic patients [18] . On the other hand, previous studies have showed that β-cell function was improved when fasting plasma glucose levels are lowered irrespective of the mode of treatment [19] . Consistent with this, we found strong correlation between reduction in FPG and the change in HOMA2%B (r = −0.812, p < 0.001, data not shown).
Because the chief glucose-lowering effect of metformin is believed to reduce FPG through suppression of endogenous glucose production by the liver [20] , metformin may improve β-cell function through reduction in FPG.
The main limitation of the present study is its retrospective design without a parallel control group, which prevents us drawing conclusions about causality.
Another limitation is that we chose to obtain measures of β-cell function and insulin sensitivity, namely HOMA2%B and HOMA2%S, that were the most practical to apply in routine clinical setting. This means that we did not use more sophisticated and precise measures of β-cell function and insulin sensitivity. However, we do not believe that this severely limits our findings because the HOMA method has been validated against a variety of physiological methods [21] .
In conclusion, our data demonstrate that improved β-cell function rather than increased insulin sensitivity is associated with reduction in HbA1c in newly diagnosed Type 2 diabetic patients treated metformin. These results suggest that metformin reduces HbA1c chiefly through improved β-cell function rather than increased insulin sensitivity in patients with newly diagnosed Type 2 diabetes.
